Abstract-In this paper, the blocking probability in a cellular network implementing directed retry (DR) is analyzed as a function of the main characteristics of the scenario (the density of base stations), the propagation model (path loss and shadowing), and the speed of mobiles. The analytical approach allows the evaluation of the blocking probability as a function of the maximum number of cells that can be considered at call setup by the DR algorithm.
I. INTRODUCTION

I
N CELLULAR mobile radio networks, the increase of traffic load leads to several problems: one of these is the larger blocking probability at call setup due to the finite amount of channels available in a cell. As a preliminary definition, we could say that a new call attempt is blocked if all channels are occupied in the cell which the subscriber is locked to, that is, the serving cell.
When fixed channel allocation (FCA) strategies are implemented in the cellular network, once the total number of available channels is fixed, the minimum reuse distance derives from the CIR (carrier-to-interference ratio) levels required by the links; hence, the maximum number of usable channels per cell is fixed, and this gives the new call blocking probability as a function of offered traffic in each cell [1] .
One possible solution to decrease the amount of blocked calls in cellular networks implementing FCA is the use of directed retry (DR) [2] at call setup: a subscriber can be allocated a channel in the serving cell or in one of the cells surrounding it, provided that the received power at the mobile is larger than a given threshold; let us denote by the maximum number of cells that can be considered at call setup by the DR algorithm, and by the number of cells providing the user with received power larger than the threshold. Therefore, we can say that a new call attempt is blocked if all channels are occupied in the closest cells (with min [ ]) which provide the user with a received power larger than the threshold. This strategy can be effective if is larger than one, that is, if an overlap between adjacent cells is present; however, this is typical of all cellular networks providing a continuous coverage, due to the effects of signal fluctuations.
This means that the effectiveness of DR has to be evaluated by taking into account slow signal fluctuations, that is, path loss which is distance dependent, and shadowing.
The investigation of channel assignment techniques and teletraffic issues in cellular networks is usually performed in one of two ways: by means of simulation (see, for instance, [3] and [4] ) or through analytical approaches (see, for instance, [5] - [17] ): in a few cases [2] , [17] both methods are used and compared, but without taking propagation into account in both approaches. Simulation allows proper modeling of many features, but normally it does not provide a good insight into the causes of performance improvements/worsenings. In the case of the analytical approaches presented in the literature, due to the need for simplified assumptions to handle the complexity of cellular scenarios, in most papers the effects of signal fluctuations are not accounted for, and the different user locations inside the cell are not considered. Exceptions to this can be found in [9] and [10] (in [9] , co-channel interference is taken into account), where the effect of shadowing is included, but only for the case of a simple monodimensional scenario. To the authors' knowledge, no papers can be found in the literature presenting analytical approaches based on the consideration of propagation effects for the evaluation of the advantages of DR in bidimensional cellular networks as a function of .
In this paper, we want to emphasize the role played by propagation on teletraffic issues by taking path loss (hence, user locations inside the cells) and shadowing into account in the evaluation of the advantages introduced by DR in a cellular network. To this end, we propose an analytical approach showing the blocking probability as a function of by introducing proper consideration of the effects of signal fluctuations and the movement of vehicles inside the cells. This is done through suitable reconsideration of the statistical approach of [18] , which allows the assessment of the statistics of , and builds the analytical framework for taking path loss and shadowing into account in a simplified way from a general network point of view. With this purpose in mind, we introduce some simplifying assumptions and approximations as far as the scenario and some teletraffic aspects are concerned. On the other hand, a discussion about the assumption of handover traffic treated as a Poisson process, typical of teletraffic papers, is given. Finally, to provide a suitable check of the model we propose, the results achieved by means of our analytical approach are compared to those obtainable through a simulation tool which accounts for many complex features typical of cellular networks such as inter-cell and intra-cell handover, realistic mobility models, propagation, evaluation of interference effects, forced terminations, etc. [19] , [20] . However, in order to provide a proper comparison to the analytical results, some features of the simulation tool, which are not considered by our analytical model (such as forced terminations, interference, etc.), have not been taken into account. A description of the simulation tool we used will be given in Section IV.
The paper is organized as follows. Section II presents the analytical method to derive the blocking probability, and discusses the assumptions introduced. Then, in Section III, numerical results are given. Section IV gives a brief description of the simulation tool. In Section V, the simulation and analytical results are compared. Then, a brief discussion about the effects of DR on forced terminations is given in Section VI. Finally, conclusions are drawn in Section VII.
II. THE ANALYTICAL APPROACH
A. Scenario and Propagation Issues
Let us consider a bidimensional cellular scenario where both mobile users and base stations are uniformly distributed over an (infinite) plane: we assume bases per area unit are present, and denote by the position of the generic mobile at call setup. Let us note that the assumption of a uniform distribution of base stations allows the investigation of the typical scenario characterized by hexagonal cells [5] - [17] . The cellular scenario depicted in Fig. 1 (where lines and points represent roads and bases, respectively) can also be considered, under the mentioned conditions. For the sake of simplicity, we also assume that each base has the same number, , of available channels.
As far as the propagation model is concerned, here we assume that all power values are averaged over a time interval lasting seconds, which is considered long enough to average out fast fading effects. We then write the received power in from the generic base station at distance as (1) where , , and represent the (averaged) received and transmitted powers, and the power loss, respectively; all notations (here and throughout the paper) are in dBW or dB. The power loss is a function of and is given by (2) where and are suitable constants and is a random variable with normal distribution, mean zero and variance : it represents the log-normal shadowing. Let us note that antenna gains are included in .
The base stations are equipped with a beacon channel (the BCCH in a GSM system [21] ), transmitting with constant power that we assume to be the same for all bases. At call setup, a base station can be considered as a candidate for the assignment of a channel to the mobile user provided that the received power from the base in is larger than the fixed threshold . Therefore, the candidate bases (cells) in are those whose signal has a power loss smaller than in ; is a random variable with mean . In the following, to simplify the mathematical description, we assume the bases to be labeled according to the decreasing level of received power in : 1 represents the serving base, 2 the second strongest, and so on ( ). In [18] , under the assumptions introduced, it is shown that has a Poisson distribution that we denote by , with mean given by (3) where , , and , which gives (equation (17) in [18] contains some typographical errors) (4) Let us note that depends on and only through their difference, as expected, and that increases as the variance of shadowing or ( ) increases. These results give the knowledge of the distribution (and mean) of the number of base stations that can be put in communication at call setup time with a generic mobile requesting a channel, as a function of propagation characteristics, the transmitted power , and the minimum required level of received power (through ) that depends on the transmission system. Now, they can be used to estimate the blocking probability as a function of teletraffic considerations.
B. Traffic Issues
With DR, a call attempt is blocked if all channels are occupied in the cells (with ) which provide the user with the smallest power loss, smaller than . We therefore can write the blocking probability with DR, conditioned to , as (5) where represents the event of having the th base with no free channels. If we assume that , are independent (as also done in, e.g., [2] and [16] . This is not strictly true, but the impact of the assumption has to be measured on the final performance figure and through comparison to the simulation results; in any case, we thus give an optimistic value of blocking probability, i.e., a lower bound), we have (6) and the generic term can be evaluated by means of the Erlang formula [22] ( 7) where is the offered traffic in each cell (let us have in mind that a uniform scenario is considered) which has to account for mobility effects. It can be evaluated as in [17] , but we have to take the increase of traffic due to retry into account, and hence (8) where the following assumptions, typical of teletraffic analyzes, are made: 1) new call attempts follow a Poisson process with new call arrival rate per cell that can be evaluated from the new call arrival rate per user, as , where represents the average number of users per cell; 2) handover attempts follow a Poisson process with rate (see Section II-D); 3) new call attempts due to DR can be assumed to follow a Poisson process with rate whose dependence on will be investigated in II-E); this approach is also used by other authors (see, e.g., [16] ); 4) the call holding time is exponentially distributed with mean 1/ ; and 5) the cell sojourn time is exponentially distributed with mean 1/ . The second assumption, even if it is widely used (see, for instance, [15] , [17] ), requires a discussion that will be given in Section II-C).
Starting from expressions (6) and (7), we have (9) Now we can evaluate the blocking probability, , by averaging (9) with respect to the number of base stations (10) and, after some algebraic manipulations, we obtain (11) where . Let us note that represents the probability that in all signals have received power smaller than the threshold, i.e., no base station can hear the mobile, as also stated in [18] . So, we call the minimum outage probability: the actual outage probability experienced by the mobile depends on the handover mechanisms, interference aspects, terminal mobility, etc., and is normally larger than .
The evaluation of expression (10) requires the definition of the propagation environment [through (4) which depends on ,
, and ] and of the cellular scenario, in terms of and . The value of has also to be fixed, according to the transmission techniques implemented. Moreover, the computation of the blocking probability needs the value of to be assessed: expression (8) gives the offered traffic per cell, with mobility and DR, as a function of the traffic offered by new calls per cell, (which can be denoted as static offered traffic and depends on the number of mobiles and their activity), the traffic caused by DR (through ) and by mobility (whose impact is introduced by means of and ) in each cell. Therefore, can be called the dynamic offered traffic: the values of and can be fixed as inputs to describe the population of users in terms of the duration and arrival rate of their calls; on the other hand, and have to be fixed according to the characteristics of mobiles in terms of their speed and mobility behavior, whereas depends on .
C. Handover Issues
The handover process is based on some phases [1] , [23] - [26] : during initiation, the measurements taken from the field every seconds (which in GSM is about 0.5 s [21] ) are collected and manipulated, then the decision phase includes the selection of the target base(s), and finally the execution phase provides the switch from the serving to the target base. The decision is taken according to a given algorithm. Here we consider as a reference the handover algorithm proposed in [24] , which makes use of an absolute, , and a relative, , threshold: an inter-cell handover is attempted if the received power (averaged over a time interval in order to reduce the impact of signal fluctuations) is smaller than , and the power loss from the serving base exceeds that from the target base of a factor larger than .
In Section II-B, we introduced the widely used assumption that handover traffic can be modeled as a Poisson (i.e., a memoryless) process. This assumption requires a discussion.
In [27] it is shown that, under general conditions, handover traffic is a Poisson process provided that handover blocking (i.e., forced terminations due to failed handovers) is avoided; it is also stated that the Poisson assumption nevertheless represents a good approximation even in the presence of forced terminations. However, in [27] , a couple of features typical of actual networks described below were not accounted for.
The first is the ping-pong effect which, due to signal fluctuations at the cell border [1] , [24] , introduces a memory in the handover attempt process; therefore, the statement that handoff attempts follow a Poisson process requires suitable definition of the handover algorithm, which has to avoid the effects of ping-pong. In our simulation tool, which we use for comparison purposes, the reference handover algorithm proposed in [24] mentioned above is implemented; by assuming suitable values of , , and , we found that the probability of ping-pong is largely reduced [19] , [20] .
Another mechanism (not considered in [27] ), which in actual networks introduces a memory in the handover process, is the fact that once a handover attempt is failed (due to target cell saturation), the call is not immediately dropped [19] , [20] ; instead, if no other target bases can be selected, the user retries the handover toward the same target cell after the time interval . This can lead to repeated requests of channel assignment, with rate , for some seconds. The effect is more likely with large values of the offered traffic; moreover, its occurrence depends on the probability of having only one target cell during the handover decision phase. Let us denote by the number of bases that can be considered at the mobile as targets during the handover process. What is the statistics (and the mean value) of ? In principle, the answer could be given by means of the same approach we used to evaluate the statistics of at call setup; the main difference is that during call setup, the mobile is looking for bases providing the user with given maximum power loss , as stated in Section II-A, whereas the handover requires the determination of a link to a base with maximum power loss (averaged over ) , where denotes the desired received power (averaged over ) from the target base. To discuss the value of , let us assume for the sake of simplicity , and consider Fig. 2 . Having chosen a typical handover algorithm based on a hysteresis value , is given by , where denotes the received power from the serving base during handover initiation. The main problem here is that is not known a priori: in fact, the handover can be attempted whenever the received power falls below the threshold , but this means that is a random variable with unknown distribution. Therefore, due to this uncertainty, it is impossible to evaluate the number of target bases during handover starting from the approach we used for the evaluation of the statistics of at call setup, since it requires the knowledge of the maximum power loss.
On the other hand, is usually smaller than due to the hysteresis. Hence, the number of base stations having power loss smaller than is normally lower than : for this reason, and for the sake of simplicity, in the following we assume that only one target cell can be selected during the handover process ( 1).
D. Mobility Issues
In this subsection we want to provide a simple and approximated model for the determination of and as a function of mobiles speed , which we assume to be constant and equal for all mobiles; to this end, we introduce some rough assumptions, listed below, whose impact on the final performance will be measured when comparing the results to those obtained by our simulation tool, which instead takes a typical mobility model and the complete handover process into account.
First, , which represents the mean cell sojourn time, can be evaluated as , where is the number of successful inter-cell handovers per call and the mean call holding time; the precise estimation of is a difficult task, but in this context we only want to find a rough assessment of its dependence on and the scenario. So, can be fixed starting from the approximate evaluation of the average distance walked inside a cell by a mobile, which we estimate as where is the cell area, and the distance traveled during the whole call, equal to ; we assume , and finally (12) Let us note that (12) is based on the assumption that is proportional to , that is, when the mobile speed doubles the number of successful handovers doubles; as a consequence, the cell sojourn time is inversely proportional to .
Second, represents the handover arrival rate and is fixed to , where is the number of attempted inter-cell handovers per call; the relation between the successful and attempted number of inter-cell handovers per call is given by , where represents the probability of inter-cell handover failure, and has to be suitably characterized (see below). This gives (13) We note that in (13) depends on proportionally (due to the assumption of a number of handovers proportional to ) and through the probability of handover failure, which will be described later. As a result, the dependence of (8) on the mobile speed is non linear.
We can now evaluate the probability of handover failure ; this is the probability that, during a handover attempt, the target cell has no free channels. Under this occurrence, as mentioned above, the user will try again after a time . This means that several sequential attempts are normally performed to enter a cell before the call is dropped. However, our model (and the others presented in the literature) assumes a Poisson process for handover: this means that we are considering the sequence of handover attempts, performed at rate for a few seconds, as a single handover attempt, which could result in a success or a failure. With this concept in mind, the failure probability of a handover attempt equals the blocking probability evaluated when one candidate cell is available. Therefore, we have (14) where is given by (8) and, through (13), depends on . This means that to estimate we have to implement a simple iterative algorithm which normally converges in a few steps (a similar approach is used in [17] ).
E. Retry Issues
In Section II-B, we introduced , defined as the rate of the new call attempts due to retry. We now provide an estimate of . When 1, DR is not considered, and the offered traffic depends only on new call and handover attempts; hence, can be set equal to zero. When 2, a portion of offered traffic which has been blocked at the first attempt tries to establish a new link with other cells, and this causes an increase of offered traffic . The new traffic depends on both the new call rate , and the probability that a new call attempt fails. The latter probability is given by the Erlang formula as shown in (7) . Moreover, owing to shadowing, depends on the probability that a mobile can "hear" at least two cells, . Therefore, can be estimated as
When 2, (15) should be modified since we have to consider the impact on of the second, the third, …, and the th attempt to establish a link with a new cell. Under the assumptions mentioned above, we can write (16) where is the probability that a mobile can "hear" at least cells; following [18] , it is given by (17) Note that (15) presents a statistical flow balance between the cells of the whole scenario. A deterministic balance is inherently prevented by the statistical nature of the analytical model we have proposed. On the other hand, the simulation results (which are based on a deterministic approach) will show that this statistical flow balance works well on the average. Moreover, in (16) we have considered the traffic in different cells to be independent, as in (6).
III. NUMERICAL RESULTS
The following analytical procedure has been implemented to evaluate : 1) and are fixed to an initial value; 2) is computed through its definition and the evaluation of and ; Fig. 3 . Comparison between our model and that of [2] . The blocking probability as a function of A , with R equal to 1 and 2, P = 0:9, v = 0 m/s.
3) and are computed through (11) and (14), respectively; 4) repeat steps 2) and 3) until both and converge. Normally, a few iterations are needed for convergence, and we checked that the final values do not depend on the initial ones, fixed at step 1).
As a first step, let us compare the results of our analytical model to those presented in [2] (where only the case 2 is investigated, and cell overlap is modeled in a simpler way). For a proper comparison to the results of [2, Fig. 7] , has been fixed equal to 10 and 0 m/s; moreover, , , and have been chosen in order to give 0.9. The latter represents the probability of hearing at least two cells, and it is equivalent to the overlap probability defined in [2] . In Fig. 3 , the comparison between the squares, which represent some results for 0.9 and 2 taken from [2, Fig. 7 ], and the dashed line, which refers to our model in the case of 2, shows a good agreement between the two analytical approaches. Now, to define a common reference scenario which will be useful in Section V to compare analytical and simulation results, let us consider Fig. 1 (where bases are uniformly distributed over the area). The scenario is characterized by three bases per site with 120-degree antennas, 54 sites (then the number of bases, , is 162) in an area of square meters; from the call setup procedure point of view, this is equivalent to the case of 54 bases with omnidirectional antennas (except for the values of antenna gains, which are included in ). From the analytical viewpoint, this gives 1/ 1/4.6 10 m . Moreover, we fix 15 channels/base, 1/720 s , 1/120 s , 125 dB, 38 dB. Fig. 4 shows as a function of for a scenario with 12 Erl/cell, 5 dB and 10 m/s; the different curves refer to different values of , ranging from 5 dB (the lowest curve) to 15 dB (the uppermost curve). The propagation parameters considered give 17 (which is unrealistic in actual environments) and a minimum outage probability 4.1 10 when 5 dB, whereas 5.1 and if 15 dB. The figure shows that for small values of , many ), respectively; 10 m/s and 5 dB. When a small traffic is considered, DR improves largely the performance; a different behavior is observed with larger : in this case, the improvement due to DR becomes negligible. The role played by on the performance of is similar to that of ; small values of or make the use of DR very effective in the reduction of , while the opposite is true when larger values are considered. When 12 dB, the advantage of using DR is lower; this is due to the smaller overlap between cells. Fig. 6 shows the blocking probability as a function of , with ranging from 1 to 7; 10 m/s, 12 dB. Two different values of are considered: 5 and 8 dB. When 8 dB ( 9.7 and ), the figure shows a decrease of the blocking probability with respect to the case of 5 dB, and a larger advantage of DR when passing from 1 to 7 with smaller .
In Fig. 7 , the (dynamic) offered traffic is reported as a function of the static offered traffic , with as a parameter, 10 m/s, 12 dB, and 5 dB. As we expected, increases as increases; moreover, the increase of depends on for values of larger than 13 Erl/cell. This is due to the fact that, when is large, the repeated attempts of connecting with a new cell cause a very large increase of .
Finally, Fig. 8 shows the blocking probability for 12 dB, 38 dB, 5 dB, 13 Erl/cell, as a function of with as a parameter. The figure shows that , in the range of the values of considered, is approximately independent on , and this is true for different values of R.
IV. THE SIMULATION TOOL
The simulation tool used for comparison purposes has been presented in [19] and [20] ; here its relevant features are de- scribed. For the sake of conciseness, we let the reader refer to those papers for other details, which are not of relevance for this work.
The scenario used for comparison purposes is that plotted in Fig. 1, and the values of , , are fixed as in Section III. Moreover (since interference effects are accounted for in the simulation) we assume cluster size equal to four (sites).
The power loss is described through the values of and by means of expression (2), where log-normal shadowing is modeled with standard deviation dB and correlation distance equal to 20 m. Power control is not implemented: the transmitted power from the bases is 10 dBW. All users (equipped with omnidirectional antennas) are assumed to move on the roads at given fixed speed with uniform probability (1/3) of choice at crossings (mobiles cannot go back). They are uniformly distributed over the area. The duration of calls is negative exponentially distributed, as well as the interarrival rate of calls per user, with mean values as in Section III. The (static) offered traffic per cell is determined by fixing the number of users, , in the scenario: . Blocking of calls is accounted for by means of the following setup procedure: when a new call arrives, the system determines a list of base stations and it ranks them according to the power level measurements of their reference beacon channels. The base with the largest power is selected, and the setup process succeeds if the base has free channels and the downlink received power is larger than . In the case of an unsuccessful attempt, the next base in the list is considered. The call is blocked after unsuccessful call setup attempts.
has been fixed to 115 dBW in the numerical results.
The handover of calls is accounted for by means of a suitable algorithm. The handover decision (both for intra-and inter-cell handovers) is taken once every seconds. The current base station tries to perform an intra-cell handover whenever the averaged CIR, in the downlink or in the uplink, is less than a threshold but averaged (over ) received powers are larger than ; if no channels on the serving base are available, an inter-cell handover is attempted according to the algo- (and thus ) are varied. Fig. 9 shows versus , when 12.4 Erl/cell, 5 dB, 7.1 dB, and 13.3 m/s. The figure shows that decreases as increases, and no floor is found for 10 ; this is due to the choice of , which determines a large value of , and thus DR is very effective. We can observe an improvement of about one decade when increases from 1 ( 0.1) to 3 ( 10 ) . The comparison to the simulation results shows a good agreement for small values of , whereas when increases, the analytical model gives an optimistic estimate of . This can be explained as the effect of the assumption of independent traffic in different cells which, as expected, determines an optimistic value of ; however, both curves show a linear behavior (with on a logarithmic scale), typical of diversity systems (indeed DR plays the same role of a diversity system, provided that the number of bases that can be "heard" by the mobile is sufficiently large).
It is also worth noting that the value of blocking probability, for 1, obtained from the analytical procedure is in perfect agreement with the result of simulation; this implies that the assessment of as a function of the new calls and the handover traffic is very good. A similar agreement will be found in all the following figures, for different values of parameters. In Fig. 10 the same curves of Fig. 9 are plotted, but for 14.1 dB, and two different values of are considered. As in Fig. 4 , we observe the presence of a floor in the behavior of when larger values of are considered, due to the larger path loss with respect to the previous figure; when 4, the improvement provided by DR becomes negligible, and this is found both from the analytical and the simulation results.
The simulation results of Fig. 10 show an improvement of the performance as increases. This behavior is due to the increase of , when increases, as indicated by (4) , and is reflected in the analytical results.
As far as the additional handover load owing to DR is concerned, we found that, in the case of 5 dB, the average number of handovers per call ranges from 4.1, when 1, to 4.5, when 7; hence, in the considered scenario, DR does not play an important role on the number of handovers. Similar results have been obtained also in the simulations described in the following. Fig. 11 shows versus when different values of the static offered traffic are considered, and for 14.1 dB, 5 dB: the advantage of using DR is reduced when is larger. The agreement between the simulation and the analytical results is very good for the different values of . Fig. 12 shows the behavior of when the speed of mobiles varies. 1 Note that in the analytical approach, is related to by means of a nonlinear dependence; hence, the effects of on are not intuitive. As can be seen from the figure, when doubles (and is approximately constant), a very small difference is found in the blocking probability; similar results have been achieved in [28] . Once again, the agreement between the results of the analytical and simulation methods is very good, since this light dependence of on is derived from both the approaches.
However, it must be noted that this result is obtained in both approaches by assuming that the call setup procedure succeeds if an available channel is found with received power larger than a fixed threshold (which depends on the transmission system); on the other hand, a complete characterization of the effects of the mobile speed should also consider that this threshold can depend on , since the error rate of a transmission system generally varies when varies. Moreover, the call setup procedure implies the bidirectional exchange of signaling messages between the base station and the mobile; and if is large, the different packets can suffer different fading conditions. These aspects are not accounted for in our investigation, as is usual in works dealing with teletraffic and considerations at the network level.
VI. CONSIDERATIONS ON THE FORCED TERMINATION PROBABILITY
Due to the lower values of blocking probability obtained when using DR with 1, if the offered traffic is fixed, the The presence of cochannel interference degrades the quality of the links and can cause the forced termination of the calls suffering low values of CIR. Hence, the augmenting of system capacity owing to DR can produce a consequent increase of the forced termination probability. To assess this increase, we have to use a simulation tool which takes forced terminations, handovers, and cochannel interference into account, which were not considered in the simulation tool described in Section IV since we were using it for purposes of comparison to our analytical work. Fig. 13 shows a comparison between the blocking and the forced termination probability, , as a function of , when 13.3 m/s, 14.1 dB, 5 dB, and for two values of : 12.4 and 14.3 Erl/cell. These results have been obtained by means of the simulation tool used in [20] which is a more complete version of that described in Section IV: it takes forced terminations, handovers, and cochannel interference into account. A reuse factor equal to four (sites) was used. Forced terminations have been considered according to a "leaky bucket" algorithm based on CIR measurements [19] .
The figure shows, for both values of traffic, that the augmenting of produces a slight increase of . Therefore, the final choice of should be carried out as a compromise between the two performance figures, namely, the blocking and forced termination probabilities. However, a complete characterization of the latter needs many aspects (interference, etc.) to be taken into account, and this requires simulation based analyzes, whereas in this paper we proposed an analytical model to determine the blocking probability as a function of .
VII. CONCLUSION
An analytical evaluation of the effects of directed retry in a mobile radio system has been proposed and analyzed. Propagation, network aspects, as well as mobility issues have been taken into account; this provides a tool for the evaluation of blocking probability in a cellular network as a function of the complexity of the DR algorithm (that is, as a function of ), the propagation characteristics of the environment (the path loss model, the variance of shadowing, etc.), and the speed of mobiles. To the authors' knowledge, no papers can be found in the literature which allow the derivation of the effect of DR on blocking probability as a function of .
The analytical results prove that DR can be very effective in reducing the blocking probability, depending on the path loss model, the offered traffic, and the variance of shadowing; it also shows that for values of larger than 3, in many cases no further improvements can be obtained if is increased. Moreover, it is shown that slightly depends on the speed of mobiles. The analytical results have also been compared to those obtained by means of a complex simulation tool which considers the mobility of the terminals and the complete handover process: in most cases, a very good agreement has been found, and the analytical model has shown to be able to reflect the main effects of propagation and mobility on the advantages of DR in a real cellular network.
The analytical model provides a simple expression for , but many aspects related to handover, the scenario, and the mobility of users are taken into consideration. However, some assumptions limit the range of application of the model in this present form: for instance, forced terminations are not considered, and the extension to the case of nonuniform scenarios is not obvious. All this will motivate future work.
